Professor R C Browne, in reply, said that there was a fundamental difference of approach between Eastern and Western Europe when threshold limit values were considered. Western Europe and the USA thought in terms of some morbid anatomical change in an organ and in terms of the minimal lethal dose; in other words they were thinking in terms of a rather gross structural abnormality. This probably derived from the past emphasis upon morbid anatomy, much of which had been developed in the Viennese medical school about the middle of the nineteenth century.
Eastern European thought, on the other hand, had been powerfully influenced by Pavlov's work in Russia upon conditioned reflexes, and ran along the lines of the change in performance of the intact animal. This was the approach of the experimental physiologist or the experimental psychologist and tended to produce a much lower threshold limit value.
In modern terms this represented the difference between the amount of alcohol which made a man unsafe at the difficult task of driving a motor car at night and the amount which caused a visible change in the appearance of the cells of his liver. It could easily be appreciated that there was a big difference between these two amounts, both in absolute quantity and in the time relationships of their actions.
During the war it had been important to estimate the effect of various agents upon performance, eg, amphetamine upon the performance of anoxic pilots and also so-called quick-acting barbiturates. Performance tests of great sensitivity had been developed in order to measure these changes.
Dr P 0 Oliver (Gillette Industries Limited, Isleworth, Middlesex) said that considerable caution should be exercised in accepting threshold limit values adopted by some overseas countries. As an example he pointed out that for acceptable damage risk criteria for noise-induced hearing loss, the USSR had set levels around 75 dB. It was well known that no noise exposure limit could be established to protect everyone and that in setting practical criteria the aim should be to protect as many people as reasonably possible without being unduly restrictive. A level of 85-90 dB on the dB(A) scale was much nearer the limit. It was recognized that probably 10% of the population would be affected by noise exposure in everyday life anyway, and that to set levels below 85 dB was unrealistic.
Dr D P Duffield said, in reply, that it was well to bear in mind that equipment was sold to Russia which was not constructed to operate at the low threshold limit values applying in that country. The eye and brain can distinguish repeated flashes of light up to a certain rate beyond which these discrete stimuli appear to fuse and become continuous. By the use of a device which can generate light flashes at various rates it is possible to determine accurately the point of transition from flickering to continuous. This point is known as the threshold of fusion.
The numerous physical and psychological determinants of the threshold of fusion have been extensively reviewed by Simonson & Brozek (1952) and Landis (1953 Landis ( , 1954 . The former authors point out the interest in the critical flicker fusion (CFF) technique as applied to various normal and abnormal states of the organism.
One of the earliest of such studies was by Goldberg (1943) who measured the threshold of fusion in human subjects during various stages of intoxication by alcohol. He found that the higher the percentage of alcohol in the blood the lower was the threshold of fusion.
Also in 1943, Simonson, Enzer & Benton examined the effect on the threshold of fusion of various types of work involving higher neural centres. They found that all types ofjob involving writing, calculating or fine manipulating considerably lowered the threshold. In contrast Brozek & Keys (1944) found that strenuous manual labour, even when coupled with starvation, had only a minor effect on the threshold.
Misiak (1947) noted that there was a down-ward, relatively minor, shift in the threshold of fusion with increasing age. He did not find any difference in threshold between the sexes. Cigarette smoking caused inconsistent changes in fusion threshold (Gamer et al. 1954) . Landis & Hamwi (1954) reported inconsistent changes in threshold throughout the daytime period. Lingen (1962) used the CFF technique to monitor the depressive effects of carbon monoxide on the central nervous system in healthy individuals. Simonson & Brozek (1952) reviewed the findings of several research workers who had studied the effect on the threshold of fusion of various types of drugs. In general the effect of stimulants was to raise the threshold and that of depressants to lower it. Idestrom (1954) confirmed this latter observation using depressant agents, and Holland (1960) used the technique to assess the relative effects of several stimulant and depressant drugs. His findings were in accord with those of previous authors.
According to Gooch (1963) the action of central nervous system depressant drugs is to inhibit synaptic transmission (rather than axonal conduction). He states that the area most affected is the complex polysynaptic reticular formation and that an effect in this area brings about a general depression of cortical activity. Presumably it is due to this depression that the ability to distinguish successive flickers of light is impaired so that a continuous image is observed at a lower rate of flickering.
Critical flicker fusion has been used, therefore, as an indicator of effect and as a means of measuring the extent of that effect. It is simple and rapid to carry out, and from the evidence of Brozek & Keys (1944) appears to be highly consistent when repeated using the same group of observers. It would seem to have applications in other fields besides the purely physiological and it was decided to test its suitability as a measure in an investigation of the effects of exposure to solvents in the gravure printing industry.
The main constituents of the solvent in question are toluene and petroleum spirit, which are used to carry the ink particles and as drying agents. Both solvents are known to have narcotic effects and Gerarde (1960) has noted that with toluene the degree of narcosis is directly related to the degree of exposure.
In the factories visited production was not continuous; there were systems of work-breaks so that each man left the machinery for five to fifteen minutes every hour. Thus, although the concentrations of the substances could be measured, the amount of exposure to them was unknown and so there was no way of telling, in the doubtful case, whether the men were at risk or not. The CFF technique was therefore likely to be useful as a monitor in this situation.
Industrial Survey
The survey covered three large printing works and tests were made on groups of men drawn in equal numbers from several different shifts. The men had been randomly selected. Because they were interested in the survey, there was a very low lapse rate. There were about 50 men in each sample and the age structures of the three samples was similar.
Each man was tested immediately before and immediately after work in the anteroom of our mobile laboratory (Lee et al. 1963 ). This provided a comparatively quiet and, more important, a uniform environment throughout the survey.
The instrument used to measure the thresholds was a hand-operated flicker photometer with a continuously variable pulse rate. The bulb was neon and emitted an orange light. The subject sat at one end of a bench seat, facing the lamp, and one metre from it. The photometer was clamped to a stand at the other end of this seat and could be adjusted to eye-level for each subject. All tests were made binocularly under lighted conditions which were kept constant. The electric supply was always mains voltage.
The stimulus was first demonstrated at various rates of output and a practice run was made so that the subject could identify the states of flickering and continuous light. The method of conducting the test was a combination of the method of limits and the method of constant stimuli. At first, the signal, which was shown for two seconds at a time, was changed by steps of two to three flickers per second, starting from flicker through to fusion. After a further excursion in the opposite direction, different random points on the entire range of output were shown, and the subject identified in which state they appeared. A further two excursions of the first type were then made, and if the thresholds determined by these two methods were reasonably consistent the test was complete. If not, further excursions were made until a definite threshold point was obtained. The instructions given in this test are an important factor and these will be discussed later.
Results
From the analysis of the measured atmospheric concentrations of solvent a narcotic effect was to be expected with an eight-hour exposure at factory A and no effect was to be expected at factories B and C (King, personal communication, 1967) . Table 1 shows the total number of men in each sample and the percentage number whose thresholds rose after work, those whose thresholds were lowered, and those which remained the same. If the number of men whose thresholds were lowered can be taken as an index of effect, Table I Total numbers of men in each sample (N) and percentage number in each whose thresholds rose, fell or remained the same after work Factory N Rose Fell Same A 53 358 58 5 5-7 B 51 451 43-1 11-8 C 52 33-3 39-2 27*5 then these results are in agreement with the environmental findings. There appears to be some evidence of effect at factory A, less likelihood of an effect at factory B and none at all at factory C. The distribution of these figures on a x2 is significant at P <002. Table 2 shows the median and quartile pre-and post-exposure threshold levels (in flickers/second) of each sample. The only apparent downward shift in threshold occurs at factory A (where the values are distributed closely about the median). At factory B where the values are spread much wider there appears to be no change. At factory C where the values again tend to be widely spread, there is a rather surprising increase in threshold after work. Table 2 Median and quartile threshold levels in flickers/second of each sample before and after work, with differences in medians and level of probability (P) associated with each 67-1 median 80-0 +3-7 0-0548 75th 83-3 83-3 These changes in threshold may be assessed using the Wilcoxon matched-pairs signed-ranks test. In the extreme right hand column of Table 2 are shown the levels of probability associated with each change. The most definite change in threshold is at factory A. Although the rise in median threshold at factory C is larger than the drop at factory A, it is not one that occurred in the majority of subjects (see Table 1 ) and is not, therefore, the more certain of the two.
It is not possible to state the pathological significance of the downward shift in threshold at factory A, because it is not yet known whether the observed change indicates a harmful effect. However, bearing in mind that Brozek & Keys (1944) found the test to be highly reliable it is likely that this change in threshold at factory A indicates a greater amount of absorption than at the other two works and perhaps the beginnings of a narcotic effect.
The immediate finding from these analyses is that the CFF test has emerged as a reliable technique in this application because the results using it are in agreement with expectations from the environmental measurements. At factory A, moreover, it has indicated that an effect is occurring where, because the exposure time was unknown, such a prediction could not otherwise have been made. Discussion A number of questions are raised by these findings, the first concerning the actual values themselves. In the introduction it was mentioned that there are a great many physical and psychological determinants of the fusion threshold. The determination of these variables is not of material interest in a study designed to measure change, provided that they remain constant throughout the investigation. However, the values found in this study are rather higher (in terms of flickers/ second) than those reported by previous authors and there are three possible reasons for this: (1) The colour of the light is an important variable. The closer the frequency of the light to the central range of the human spectrum the higher will be the range of threshold values obtained. Orange, the colour of the light in this study, is in the central range, and this partly explains the high range of values obtained. (2) The intensity of the light incident on the eye is a highly critical variable; the greater it is the higher will be the threshold values. In most reported work the test stimulus is projected indirectly behind a ground glass screen or filter, and this tends to lower its intensity. In this survey the light was of a fairly high intensity and was projected directly without filtering. (3) The subject's criteria for deciding in which state the stimulus appeared is an important factor. In most studies the subject is asked to identify only two possible states of the stimulus, 'flickering' and 'continuous'. I asked the subject to identify in addition an intermediate phase, 'faintly flickering'. By doing this his criterion of 'continuous' was probably altered so that a light which in the two-possibility situation would be seen as 'continuous', in the three-possibility situation might have been seen as 'faintly flickering'. With three possibilities, therefore, it would require a greater rate of flickering before the light was seen as 'continuous'.
The second question concerns the difference in shift systems among the factories. At factory A a three-shift system is in operation and the men rotate their shift-times in a constant sequence. At factories B and C a two-shift system operates and the men tend to remain for long periods on the one shift. There were no marked differences at any of the factories between the preexposure threshold values of men from different shifts. At factory A the post-exposure threshold levels were lowered and this effect was the same for all shifts. At factories B and C, however, post-exposure thresholds were relatively unchanged on the day shift, but there was a definite tendency for thresholds to rise after the night shift, particularly at factory C. This explains the rather surprising numerical improvement in threshold at that factory (Table 2) which is not what would necessarily be expected from the threshold movements as a whole (Table 1) . Landis & Hamwi (1954) examined the natural rhythm of fusion threshold during daytime working only; there seems to be no information concerning its circadian rhythm. This is a matter which requires to be evaluated for any future industrial work.
A final question arises from the environmental measurements. From the analysis it was concluded that no narcotic effect was to be expected at factories B and C even with a full eight-hour exposure. Using the CFF test no response was found at factories B and C. However, as was stated, the men at these factories are exposed to the substance for a shorter time than the eighthour shift. At factory A the men are also exposed for a shorter time than the eight-hour shift but there a response was found. Whether the response observed with less than full daily exposure is indicative of a harmful effect is not yet known; it may be that this change is acceptable. The next step in this investigation must be, therefore, to measure in the laboratory the effect on fusion threshold of controlled doses of solvent and compare these with the effect observed in the survey.
Summary
From the literature on the subject it was considered that the critical flicker fusion test could be used in the industrial situation to measure the response to absorption of a narcotic agent in varying concentrations where the exposure time was unknown. No effect was observed at two workplaces where the atmospheric concentrations of solvent were low enough for this to be expected, whereas an effect was observed at the one workplace where it was a likely possibility. Two points for enquiry arise from this investigation: the need for more information about the circadian rhythm of fusion threshold, and the need to determine the dose-response relationship of the narcotic substance using the critical flicker fusion test.
It is concluded that the critical flicker fusion test provides a sensitive method for measuring a biological response of groups of workpeople who are exposed to a narcotic substance.
The following papers were also read: The subject under discussion was The New Proposals for the Appointed Factory Doctor Service. The opening speakers were: Dr Trevor Lloyd Davies, Dr R F L Logan and Dr M E M Herford; Dr A Lloyd Potter opened the subsequent discussion.
